SUBSTITUTE SPECIFICATION 

COOLING CONSTRUCTION OF TRANSITION PIECE 
OF A GAS TURBINE 

Technical Field 

The present invention relates to a construction that cools the outlet of 
a transition piece of a gas turbine by using cooling air. 

Background Art 

Conventionally, gas turbines have transition pieces installed thereto 
for leading combustion gas of high temperature and high pressure generated 
in a combustor to a turbine portion efficiently. The inlet portion of such a 
transition piece has a configuration so as to be connected to a combustor 
basket where combustion gas is generated, while the outlet portion thereof is 
configured so as to be connected to a flow path of the turbine. The shell 
portion of a transition piece has a welded construction in which plates 
having cooling holes are combined. Furthermore, the outlet portion has a 
rib mounted thereon for reinforcement. 

Additionally, a transition piece seal is arranged to each of the inside 
diameter side and the outside diameter side at the outlet of the transition 
piece, thereby restraining leakage of the cooling air from a portion connected 
to the turbine portion. In this way, by introducing the cooling air to the 
outlet portion of the transition piece and by preventing the cooling air from 
leaking with the transition piece seal, the outlet of a transition piece is 
cooled by using the outlet air of a compressor. The construction of a 
conventional combustor of a gas turbine will be explained again hereinafter 
by referring to the drawings. 

FIG. 8 is a schematic drawing showing a conventional combustor of a 
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gas turbine. Fig. 9 is a view of a transition piece of the combustor seen from 
the outlet side. In Fig. 8, a combustor 100 of a gas turbine consists of a 
combustor basket 110 of a cylindrical shape and a transition piece 120 which 
is to be engaged into an opening 111 of the combustor basket 110. The 
transition piece 120 is comprised of a member of a cylindrical shape and has 
the opening 111 of the combustor basket 110 inserted and engaged into an 
inlet portion 121 thereof. 

The transition piece 120 has a cross-sectional area thereof gradually 
narrowed from the inlet portion 121 thereof, and as shown in Fig. 9, the 
outlet portion 122 thereof is shaped in a rectangle that is curved to be 
shaped into a sector. An illustration is omitted to indicate the 
above-mentioned welded construction of a shell portion of the transition 
piece 120 in which plates having cooling holes are combined. The transition 
piece 120 has the outlet portion 122 thereof equipped with a seal-support 
portion 123 of a circular shape and which has a concave cross section on its 
periphery. The seal-support portion 123 is engaged with the outlet portion 
122 of the transition piece 120 and fixed by welding. 

Now, back to Fig. 8, the combustor 100 of the gas turbine has the 
outlet portion 122 of the transition piece 120 connected to a combustion 
passageway 210 of a turbine 200. The inlet of the combustion passageway 
210 is formed by an inner shroud 230 and an outer shroud 240 which 
support Turbine Row 1 stationary blades 220 on both ends. The transition 
piece 120 has the outlet portion 122 thereof located at the inlet of the 
combustion passageway 210 and fixed to a casing (not illustrated). A gap 
between the outlet portion 122 of the transition piece 120 and the 
combustion passageway 210 of the turbine 200 is sealed by a circular sealing 
member 125 that has a y-shaped cross-sectional configuration. 
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The sealing member 125 has a hook-shaped tip 126 thereof inserted 
into a concave portion of the seal-support portion 123 which is provided to 
the outlet 122 of the transition piece 120 and has a forked-into-two portion 
127 thereof engaged with the shrouds 230 and 240 of Turbine Row 1 
stationary blades 220. In a combustor 100 of this gas turbine, pre-mixed air 
generated in the combustor basket 110 and ignited is ejected into a 
combustion room 128 of the transition piece 120 and burns, becoming a high 
temperature combustion gas. The combustion gas proceeds through the 
inside of the transition piece 120 and is then blown into the combustion 
passageway 210 of the turbine 200 from the outlet portion 122 thereof as 
shown with arrow marks C. 

As an embodiment of a cooling construction of the above-mentioned 
transition piece is disclosed a cooling panel of a gas turbine. (For example, 
see Japanese Patent Application Published 2002-511126.) Also, a 
combustor of a gas turbine is disclosed. (See Japanese Patent Application 
Laid Open 2003-65071, for example.) 

However, the above-mentioned conventional cooling construction of a 
transition piece has a non-uniform cooling effect at the outlet portion of a 
transition piece, and there is a potentiality of deformation caused by having 
this portion exposed to combustion gas and heated. 

Summary of the Invention 

It is an object of the present invention to provide a cooling 
construction of a transition piece of a gas turbine which can enhance a 
cooling effect at the outlet portion of the transition piece even though it is 
constructed in a simple manner. 
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In order to achieve the above-mentioned object, according to the 
present invention, a gas turbine has two protrusions mounted in a vertical 
direction to the main stream in the transition piece, outside of the inside 
diameter of the gas turbine and in the neighborhood of the outlet portion of 
the transition piece. A multiple-holed plate is mounted between the 
protrusions by fixing it to one protrusion only. 

Additionally, in the neighborhood of the outlet portion of the transition 
piece and outside of the inside diameter of a gas turbine is mounted an 
impingement cooling plate which is fixed on only one side in a cantilever 
state. A gap is sealed by way of an elastic plate mounted between one end 
of the impingement cooling plate which is not fixed and the transition piece. 

Furthermore, a surface confronting the impingement cooling plate of 
the transition piece has a plurality of cooling holes made therein horizontally, 
viewed in the direction of combustion gas flow. The cooling holes are 
arranged in a plurality of rows in the central portion of the transition piece 
only. 

Moreover, each of a plurality of the transition pieces is provided with a 
respective transition piece seal and has a protrusion mounted on each end of 
the transition piece seals confronting each other, in a manner that the 
protrusions will overlap each other. 

Brief Description of the Drawings 

FIG. 1 is a schematic longitudinal cross-sectional view of a cooling 
construction of a transition piece of a gas turbine in accordance with an 
embodiment of the present invention. 
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FIG. 2 is a plane view of an impingement cooling plate in accordance 
with the embodiment of the present invention. 

FIG. 3 is a cross-sectional view of a transition piece 1, including 
cooling holes le, viewed in the direction of the combustion gas flow. 

FIG. 4 is a cross-sectional view of a transition piece 1, including 
cooling holes If, viewed from the direction of combustion gas flow. 

FIG. 5 depicts a bottom surface of a transition piece 1. 

FIG. 6A and FIG. 6B are transverse sectional views depicting a 
construction of the neighborhood of the ends of the impingement cooling 
plate. 

FIG. 7 depicts the construction of transition piece seals in accordance 
with the embodiment of the present invention. 

FIG. 8 is a schematic view showing a conventional combustor of a gas 
turbine. 

FIG. 9 is a view of a conventional transition piece of a combustor 
viewed from the outlet side. 

Best Mode for Carrying Out of the Invention 

Referring now to the drawings, an embodiment of the present 
invention will be described hereinafter. However, the present invention will 
not be limited to the following embodiments. Fig. 1 is a schematic 
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longitudinal sectional view of a cooling construction of a transition piece of a 
gas turbine in accordance with an embodiment of the present invention. 
This figure shows the state in the neighborhood of the bottom part of an 
outlet portion of a transition piece. In this figure, 1 is a transition piece, 2 
is a transition piece seal and 3 is a Row 1 vane shroud. On the bottom 
surface of an outlet portion of the transition piece 1, brim-shaped ribs la and 
lb extend downward (toward the inside diameter of a gas turbine), having a 
slot portion lc formed there-between. 

Additionally, the transition piece seal 2, whose cross section is shaped 
approximately in a hook, has a rib 2a, rising in a shape of a brim on one end 
thereof, which is engaged with the above-mentioned slot portion lc. On the 
other hand, the other end of the transition piece seal 2 has a slot portion 2b 
formed thereon, with which is engaged a rib 3a that extends from Row 1 
vane shroud 3 on a turbine side to the transition piece side. As constructed 
above, the transition piece 1 and Row 1 vane shroud 3 are connected and 
sealed by the transition piece seal 2. Here, a portion 3b which extends 
upward (toward the outside diameter side of a gas turbine) from Row 1 vane 
shroud 3 depicts a stationary vane. 

Furthermore, on the bottom surface of the transition piece 1 (namely, 
outside of the inside diameter side of the gas turbine), a brim-shaped rib Id 
extends downward on the combustion gas upstream side of the rib lb. Then, 
an impingement-cooling plate 4 whose cross section is approximately 
L-shaped and has a multiple number of holes therein is mounted 
horizontally, viewed in the direction of the combustion gas flow, between the 
ribs lb and Id. One end "a" on the narrow side of the cross section thereof is 
fixed to the rib lb by welding, while the other end "b" on the wider side of the 
cross section covering the ribs lb and Id horizontally is a free end. In other 
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words, the impingement-cooling plate 4 is fixed only on one end in a 
cantilever state. Additionally, the wider-side portion of the 
impingement-cooling plate 4 has impingement holes 4c made therein in two 
rows longitudinally (vertically to the paper). 

In addition, in a neighborhood of the other end "b" of the 
impingement-cooling plate 4 stands a pin 5 in a space made with the bottom 
surface of the transition piece 1, which forms a predetermined gap between 
the impingement-cooling plate 4 and the transition piece 1. On the other 
hand, in the neighborhood of the other end "b" of the impingement-cooling 
plate 4 is mounted a plate spring 6 whose cross section is shaped in a hook 
from the lower part. This makes it possible that one end V of the lower 
side is fixed to the rib Id by welding, while the other end "d" on the upper 
side is free end, thereby getting in close contact with the neighborhood of the 
other end "b" of the impingement-cooling plate 4 by elastic force thereof. 
This ensures sealing of the above-mentioned gap which is formed between 
the impingement-cooling plate 4 and the transition piece 1 on the side of the 
rib Id, for example, preventing thermal stress generated in the rib Id from 
affecting the impingement-cooling plate 4. 

Furthermore, although not illustrated, the impingement-cooling plate 
4 may be constructed so as to be fixed to any one of the ribs only between the 
ribs lb and Id that are protruding from the bottom surface of the transition 
piece 1, without using the pin 5 and the plate spring 6. Concretely, for 
example, the impingement-cooling plate 4 may have one end "a" fixed to the 
rib lb by welding and have the other end "b" be a free end, and thereby may 
have the other end "b" get in close contact with the rib Id by elastic force 
thereof. This makes it possible to seal the above-mentioned gap formed 
between the impingement-cooling plate 4 and the transition piece 1 on the 
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side of the rib Id, avoiding thermal stress caused to the rib Id from affecting 
the impingement-cooling plate 4, for example, thereby enabling a decrease in 
the number of components and reducing the number of man hours for 
manufacturing. 

Moreover, on the bottom surface of the transition piece 1, cooling holes 
le and If are made therein between the ribs lb and Id (namely on a face 
confronting the impingement-cooling plate 4) sequentially from the 
combustion gas upstream side, forming a predetermined angle a with the 
bottom surface of the transition piece 1 toward the combustion gas 
downstream side. This is for intensively cooling a portion which reaches a 
high temperature by arranging cooling holes in two rows in the central 
portion at the outlet of the transition piece 1 only, while arranging them in 
one row in the surrounding neighborhood. This will be described in detail 
later. As shown with arrow marks A in the figure, compressed air from a 
compressor (not illustrated herein) once enters a gap between the 
impingement-cooling plate 4 and the transition piece 1 through the 
impingement holes 4c; flows into the inside of the transition piece 1 through 
the cooling holes le and l£ and then, as shown with arrow marks B, flows 
along the inner wall surface of the transition piece 1, thus performing 
film-cooling. 

The impingement-cooling plate 4 contributes to enhancement of 
impingement-cooling effect by having impingement holes 4c. Additionally, 
by optimizing the flow velocity of the cooling air flowing into the transition 
piece 1 and preventing it from entering the combustion gas vigorously, the 
film-cooling effect is enhanced. The angle a formed by the 
above-mentioned bottom surface of the transition piece 1 and the cooling 
holes le and If is approximately 30 degrees in the embodiment of the 
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present invention. This is determined by the right balance between 
angle-formation and film-cooling effect but the present invention is not 
limited to this angle. 

Fig. 2 is a plane view showing the impingement-cooling plate in 
accordance with the embodiment of the present invention. In the 
embodiment of the present invention, as shown in the figure, impingement 
holes 4c are arranged in two rows in a zigzag pattern over the entire length 
longitudinally on the top surface (a face corresponding to the 
above-mentioned wider side) of the impingement-cooling plate 4. This 
makes it possible to achieve the impingement-cooling effect all over the 
entire length and entire width of the impingement-cooling plate 4. However, 
the arrangement of the impingement holes 4c are not limited to the 
construction in accordance with the embodiment of the present invention. 

Fig. 3 through Fig. 5 show arrangements of cooling holes made in the 
transition piece in accordance with the embodiment of the present invention. 
First, Fig. 3 is a cross-sectional view of the transition piece 1 viewed in the 
direction of combustion gas flow, including cooling holes le. Fig. 4 is a 
cross -sectional view of the transition piece 1 viewed in the direction of 
combustion gas flow, including cooling holes If. Fig. 5 shows the bottom 
surface of the transition piece 1. This figure mainly depicts the 
arrangement on the right side, viewed from the downstream side of 
combustion gas. 

As shown in these figures, a plurality of cooling holes le and If are 
arranged symmetrically in one row each on the bottom surface of the 
transition piece 1. The cooling holes le on the upstream side of the 
combustion gas are in a short row and are arranged in the central portion 
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only. Namely, cooling holes are arranged in two rows in the central portion 
at the outlet of the transition piece only, while they are arranged in one row 
in the surrounding neighborhood, thereby achieving a construction to 
intensively cool the central portion, which reaches high temperature. 
However, the central portion may be constructed in such a manner as the 
cooling holes are arranged therein in a plurality of rows, which is not limited 
to two rows but may be more than two. 

Fig. 6 is a transverse sectional view showing a construction of the 
neighborhood of an end portion of the impingement-cooling plate in 
accordance with the embodiment of the present invention. Fig. 6A shows 
the left side viewed from the downstream side of combustion gas and Fig. 6B 
shows the right side, respectively. As shown in these figures, in the 
neighborhood of each end portion of the impingement-cooling plate 4 is 
installed a cover plate 7 whose cross section is approximately shaped in a 
letter of S. One end "e" on the upper side thereof is fixed to the transition 
piece 1 by welding, while the other end "f ' on the lower side thereof is a free 
end, which comes into contact with the bottom surface of the 
impingement-cooling plate 4 by its own elastic force. 

The above-mentioned state will make it possible to avoid thermal 
stress generated to the rib Id from affecting the impingement-cooling plate 4, 
for example, and to seal the above-mentioned gap formed between the 
impingement-cooling plate 4 and the transition piece 1 on both right and left 
sides thereof. By this sealing construction and by the above-mentioned 
sealing construction on the side of the rib Id, compressed air from the 
compressor is introduced to the impingement hole 4c efficiently, thereby 
enhancing the impingement-cooling effect. 
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Fig. 7 shows the construction of transition piece seals in accordance 
with the embodiment of the present invention. This figure shows the 
transition piece seal viewed from the downstream side of the combustion gas. 
As shown in the figure, the right end of the transition piece seal 2 on the left 
side as faced has a slot portion 2c and a protrusion portion 2d formed 
continuously thereon, and in order to engage into each portion respectively, a 
protrusion 2d and a slot portion 2c are mounted continuously on the left end 
of the transition piece seal on the right as faced. Then, the protrusions 2d 
engage into confronting slot portions 2c respectively so as to overlap each 
other. 

A plurality of the transition piece seals 2 are provided not only to a 
combustor (which is not illustrated) but also to a transition piece, and are 
arranged all over the periphery of a gas turbine in successive contact with 
each other. A gap between the transition piece seals 2 is equipped with an 
overlapping construction as shown in Fig. 7, which makes it possible to 
prevent compression air from the compressor from leaking through the gap 
formed by the transition piece seals 2, thereby reducing worthless 
consumption of cooling air and enhancing the total cooling effect at the outlet 
of the transition piece. 

As a result of achieving the cooling construction as mentioned above, 
compared with a conventional structure, a temperature decrease such as 56 
to 102°C in the central portion at the outlet of a transition piece and 9 to 
23°C in the surrounding neighborhood, for example, could be observed, and a 
favorable cooling effect was achieved. 

While there have been described herein what are to be considered 
preferred embodiments of the present invention, other modifications and 
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variations of the invention are possible to be practiced, provided all such 
modifications fall within the spirit and scope of the invention. 

With the present invention, it is possible to provide a cooling 
construction of a transition piece of a gas turbine which is simply 
constructed but can enhance the cooling effect at the outlet portion of the 
transition piece. 
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